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System and method for determination of incremental value at risk for securities trading 



(54) 

(57) A system, method, and product determines the 
incremental impact of any number of candidate trades 
on the value at risk (VaR) measure of a trading portfolio 
within a trading interval, without requiring that the VaR 
measure be redetermined individually with respect to 
each candidate trade. The method includes determining 
the VaR measure for the trading portfolio, and determin- 
ing a derivative vector quantity for the VaR measure. For 
each candidate trade, the impact of the candidate trade 
on the VaR measure is determined as the vector prod- 
uct of the derivative vector and the mapped cashflows of 
the candidate trade. A negative sign indicates a desira- 
ble reduction in the VaR measure. This determination 
may be made for any number of candidate trades with- 
out having to re-determine the VaR measure. The soft- 
ware product employs this method in a financial 
analysis application in an optimized implementation. 
The system includes the software product along with 
databases storing the trading portfolio(s). Additionally, 
the method and product allow each candidate trade to 
be normalized with respect to selected criteria, so that a 
number of individual candidate trades may be ranked 
with respect to their incremental impact on the VaR 
measure to determine the candidate trade the best 
reduces the VaR measure. 



11T 

OPERATING SYSTEM 


RAM « 


FINANCIAL AMALYStS APPLICATION 






i 




200 
HAP 




sw 
DELVAR 




1KC-VAR 




















CASH 
NORMAL 




VaR* 
NORMAL 




raoe 
RETURN 
NORMAL 
























2BD ft 

PMX 
NORMAL 




CAPITAL 
NORMAL 




2201 
NOTION 
NORMAL 




ill 
CPU 


m 

DISPLAY 


TO 

NETWORK 

NTBL 


m 
I/O 
DEVICES 


111 
HARD 
UK 




FIGURE 2 



CO 
(O 

in 

o 
o> 

© 
0. 

Ill — 

Printed by Rank Xerox (UK) Business Services 
2.14.120.4 



EP0790568A1 



Description 
BACKGROUND 
Fislri of Invention 



5 



The present invention relates generally to systems and methods for and m0M 

particularly, to systems and methods for rapid or real time determination of Value at Risk metrics. 

Bachground 

Value-at-Risk (VaR) is a method tor assessment of market-based financial riskin the trading , of financial instru- 
ments Svl a trading portfolio of financial instruments, and description of the market vanance «=haracter«tcs. a VaR 
a^ SlydetiZes how much of the value of the trading portfolio might be tost over a grven penod of tune 
with a raven level of probability. This determination is expressed as the "VaR* measure. 

na^riJadataltoTdiagramrt 
lio irrc^e^lva^sysTem. atrading portfolio P of financial instruments is decomposed into a series of oorrpo- 
SerTa^fcC^ geSricallyas "<^snflcws." even though the term "cash" sugguests a partcular ass^s 
oSeS S^Sing." and produces a set of cashflows that apprcwmates the currertva^e and ^ 

time intervals from the present. The future time intervals are known as "tenors "and the combination of ™ <f s™™^ 
e" SaTDeuihemarK gotd. and the Ifce) and a tenor to termed a ^ rt ^™ ^J:^ 
pfovkle a representation of the portfolio as a standardized collection of cashflows. T^vertcesontow^mec^hflw 
Sensed are those also^ed in a variance^ovariance matrix Q of the market values of *° 
f lov^ The^riance matrix Q describes the current market characteristics to a reasonable degree ofdetaN The 
s^g a^n^pTng creates a set p of mapped cashflows from a portfolio P. These cashflows are then subjected 
to arithmetic operations with covariance matrix Q to produce the VaR measure. 0 ^ llM „ n ,^M da v S 
fTexarnole suppose that the trading portfolio includes financial instruments maturing in arbitrary number of days 

^e^l^^rSsx* as at 7. 30. and 60 days from the present In order to reliabjy d*r^*R „ 
^Sna^anner. thefinancial instrument isthen mapped intose^ted f^^^^^! 
erther 7 or 30 days or some distribution there between. There are a number of mapping and shredding ^onsava« 

^etoa^ 

Rom fte mar*ed cashflows, the VaR of the portfolio is determined by taking the square root of the product of the 
o of S dmaoS cashflows, the covariance matrix Q, and the original mapped cashflows p. The resutt- 

^Fcfex^^ instruments 

of DeuLrZrk in return for receiving certain amounts of U.S. dollars, at « ^^^^^^ ™ 
rencv swap into some set of cashflows, being, for example, negative m sign tor the Deuts^errBrk^.pc«itive.i^«gn 
Sus SaTflows These shredded cashflows are each scheduled to occur at some asagned, point m itm un the 
1^ afdeSmiS th^S> contract itself. To measure the market risk of the swap, the market nsk of abench- 
^rk setdShflows is determined, for example, for $1 received (or paid) today, in one week, in one monUr in 3 
SfemoSsT^ar. and so forth, and similarly fort DM received (or p^^^ 

SSnedTn Mrt bylte variances and covariances of all these quantities at the selected tenors and in part by the 
S sTbeXark (vertex) cashflows (Risks are measured only at benchmart j^^^S 
vaSnces and covariances for an possible cashflows at all possible arbitrary tenors would be computationally .nfeas. 
ZTh™*« 2E5d cashftows of the original swap contract do not necessarUy fie exactty "p^^ese verticx^ 

amounts that behave equivalency in terms of risk. In the currency ^r^J^^^^SS^cl 
mapped onto "equivalent-sized- cashflows lying at the vertices. As a final step, the nsk of all ^edcashflo^ s cai 
Sogeth^using the known VaR equation, accounting tor the risk offsets of ^ 

cussion oTthe VaR methodology may be found in RiskM^ Technical Dement (3rd Bd. 1 993. the pnmary source 
on the method by J.P. Morgan, and in An introduction to VAR. by CATS Software Inc. (Palo Alto. CA). 

outg^ o SScu^tion of VaRis the question "How can VaR be ^^^^Z^T^T^ 
Smake this determination important. Among these, various 

international Settlements) have suggested that VaR shouW be tied to capita, adequacy ^^Jl^^tS 
ought to be required to support certain types and amounts of trading. Thus, f inanoal institutions desire to know the 
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potential effects on VaR from possible trades, preferably in real time, in order to minimize the VaR for their trading port- 

^Dealing with VaR on a real-time basis is a serious issue for most trading institutions. The typical finar«ial notation 
may have tens of thousands of financial contracts ("trades"), and each trade gives rise to dozensof J'^ca^- 
5 flows. The rwmber of casH^ 

of markets times the number of tenors times the number of asset types). During a trading ^^f^'^ 
haps one of hundreds of traders, or even thousands in an institution, may consider dozens of alternative tradesdunng 
Ml day. I then becomes desirable for each trader to Know which of his potential trades win .mprove (or reduce 
tneVaRmeasurefortheertirefinand^ 

io effect of each trade on the VaR measure of a trading portfolio. „,...„ ^ ^ 

In the current art. the only means of evaluating the incremental impact on the VaR of a new. candidate trade e to 
re-oerform the entire VaR analysis on the combination of the existing trading portfolio and the candidate trade. Trus 
process is illustrated in Figure 1. the dashed area, by repeating the VaR calculation for the ^tefrada ^ spe- 
cifically, the redetermination of the VaR measure for an individual candidate trade A pJ . s made b> rmerging the cand.- 
,s date L with the trading portfolio P. shredding and mapping the resulting combined I portfolio, and reca^^ng the 
VaR ffl measure. The difference between the original VaR measure and the current VaR$ measure 
new VaR,, measure is less than the original VaR measure, the candidate trade will improve! »ie VaRof ^he trading 
portfolio. This existing art. however makes it extremely difficult to determine VaR m real time for each potential trade, 
due to the computationally-intensive nature of such VaR re-calculation. n^t 
Moreover the VaR method is a one-directtonal calculation: much information is lost in the course of reducing a port- 
folio of trades'into a single VaR number, and the process is not reversible. For example, many trades rr«ght 9-ve nseto 
a given pattern of mapped cashflows; many mapped cashflow patterns might give rise to a grven VaR measure; andso 
on There is really ™ direct means of recovering trade-related information from a 

quence. conventional systems provide no means of calculating from the VaR measure r^wh.ch frades shou« be 
done in order to improve the VaR measure, because the process if not reversi ons cannot ^* 
VaR numbers, nor trades from cashflows. In sum. the current VaR methodology, bang unidirectional .nits approach, 
cannot directly provide information in the opposite direction, that is. determine which trades will reduce the VaR meas- 



20 



25 



ure 



30 



35 



40 



Finally. VaR is a nonlinear risk measurement which depends not only upon the incremental trade, but ateo upon 
how this trade interacts and offsets with the existing portfolio of trades. This interdependence makes it quite difficult to 
establish the incremental effect of a new proposed trade, perse. .k.o.B^wih. 

For these reasons, conventional VaR analysis is limited to at best repeatedly recalculating the VaR measure for the 
entire trading portfolio for every new candidate trade. The process is currently extremely -time ^suming givov as 
noted above the extremely large number of trades and cashflows that must be analyzed for ea ch and every jwtential 
trade The inability to recalculate VaR measure in real time seriously limits the potential feedback to individual traders 
and risk managers, who ideally should instead be provided inslant response on whether their proposed trades are VaR- 

'^A^dTngk it is desirable to provide a system and method for determining incremental VaR measure for each can- 
didate trade, without having to reexamine the institution's entire trading portfolio and recalculate the VaR ™^eon 
the combined trading portfolio. In addition, it is desirable to provide a system and rr«th«l for d f^'"9 a .^'"^ 
pendent means of comparing various candidate trades quickly and reliably, to identify a trade or trades that best reduce 
the VaR measure of a trading portfolio. 
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SUMMARY OF THE INVENTION 

The present invention overcomes the limitations of the conventional VaR analysis systems by providing a system, 
method, and product with which any new proposed trade may be quickly examined for its i^emerrtaJ '^*^ eV ™ 
measure of the trading portfolio, without further reference to the existing portfolio held by the institution, andvtfhoutthe 
n^to redetermine ftVcombined portfolio's VaR measure for each candidate trade. In addition. the^esent, mention 
allowsaset of candidate trades to be evaluated and ranked to identify the trade(s) that most favor^ 

^iTwe aspect the present invention is a financial analysis application, a software product,that operates with con- 
ventional computerized financial trading systems. The financial analysis application analyzes a trading f^h°^hnan- 
dal instruments stored in a database or other storage mechanism to produce a VaR measure** the grading po^oha 
An improved method is employed that determines not just the VaR measure for the trading portfolio, but further, a vector 
of intermediate data values here called the "DELVAR." The DELVAR vector is then employed in forming approximations 
d the rate of chajige in me VaR measure ^ 

need only determine the DELVAR vector once for a given trading portfolio within a selected trading penod. such as a 
single day. With the DELVAR vector, the impact, or incremental VaR of any candidate trade in the trading period maybe 
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determined without the computationally expensive process of redetermining the VaR measure for each comb.nat.on of 
the existing portfolio and a candidate trade, as in conventional systems. 

Accordingly, in thisaspect of tta^ 
and Sis iSridually Messed for its impact on the VaR by applying the candidate trade tothe DEWARJ^esoft- 
^e^^cor-entional shredding and mapping each candidate trade to produce a set * "^^^ 

DELVAR vector to produce an approximate incremental impact value for the candidate trade. 

The DELVAR vector may be computed quite efficiently, using conventional data processing ope^^e the 
DELVAR vector is determined, an incremental VaR impact value can be computed. wh.ch sh owsv^ettu* | »e VaR for 
Sing portfolio will change positively or negatively by the addition of the canoldatetrade tothe * ^ 

This p^rrftTamong its other uses, an incremental analysis of a trader's next proposed trade, wrthout re-exam.n,ng the 

prior to appficationtotheDELVAR with respect to a given criteria ^^^^f^^fZT^^n 
StradeUenrfd^ 

rMatetrades that best reduce the VaR measure of a trading portfolio may be selected and executed, thereby des.rably. 
a^ e^JnSylSing the risk of a trading portfolio. Normalization is provided by additional normahzaton compo- 
nents in the financial analysis application, and by the methods such components employ. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is an illustration of the dataflow for a conventional method of determirung VaR tor a «^P°^ 

Figure 2 is an illustration one embodiment of a financial analysis system .n accordance w.th 

Rgure 3 is an illustration of one embodiment of the dataflow of the financial analyss system of the present .nven- 

25 tion. 

DETAILED DESCRIPTION OF THE INVENTION 

Referrina now to Figure 2, there is shown an illustration of a financial analysis system 1 00 operating in accordance 
v^onferr^^ 

al^^TTconputer 110 is of conventional design, and includes a processor 111. rarKkxrity addressable 
£Tm executes a conventional operating system 1 1 7. In a preferred embedimert. the 

IbTpersonal computer operating Microsoft's Windows™ operating system. Other computers and operafng systems 

^The wrrSer 1 10 interlaces with the database 120 on a mass storage device in a <x W entk>nalrnann« .to store 
and ^eTTftJeU. The database 120 stores ^ 

SofTset of financial instruments 1 35 or trades, or other trading portfolios 130. For eachf.nanc.al .^umert 13* 
app^ateTata Wentifying the type, amount, and realization dates, and other attributes of the '^^J^* 
^Trneans for assSng the financial instrument with its Mng port* 1 30 jn a preferred <£^*£££ 
base 120 is relational. In addition, the database 120 preferably marrtains as one of rts tables (or other useW datasfruc 
tSJafetofthe types of financial instruments 135 used in the portfolios 130. along wrft a nc^r^(e.g.$1) amount for 
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^ deferred embodiment, the computer 1 10 interfaces with a network 150 to communicate with remote other 
. corrir*^ 

iance matrix 1 70 for selected ones of the types of financial instruments 135 stored .n te**^}*^*^™ 
ST?75 The covariance matrix 1 70 and vertex set 1 75 is then ^edinthedataDasel20«used*rec^.n*e^RAM 
5" The covariance matrix 170 defines the covariance values for the selected financial instruments 135 at predeter- 
nMten^TTfte manner described above. The vertex set 175 defines vertices for the tenors .n the coyanance 
so mTtSSl^embcdim^ 

daily basis. One source of the covariance matrix 170 and vertex set 175 is J.P. Morgan s ftskMetncs dataset. avarta 

nSE^^ — * *• ewarianM 170 

55 "SSl^ 

cialinstru.tK^135(thesetmayindudea^ 

oZSTp^ "of candklate trades 180. For each of candidate trades 1 80 in the set the system 1 00 wll deter- 
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the set the candidate trades 180 that best improves the VaR of a trading portfolio 130. 

The corrputer 110 stores and executes a financial analysis application 140. The financial analysis app^ton 40 
is a sof^reproduct that operates in accordance with the present invention. The fnanoal anarys-s^t^ J40 
eadslnd manipulates dataVegarding a trading portfolio 130 from the database 120 in accordance wrth ttie present 
[merrttonto^oAJce both a DELVAR value for a trading portfolio 1 30 and an incremental VaR impact value *°^ an y °® n " 

ISt Co^izaTmc^u.es^O^and an incremental VaR module 230. While one cornputerl 10. shown wr* the 
f in^a. Lysis application 1 40. additional computers 1 1 0 may also be used, each executing directiy. or via a cbent- 
server relationship, a financial analysis application 140 as described herein. k • 

Refemng now to Rgure 3. there is shown a dataflow diagram of the operation of the frnanc«l analyse ar^caton 
140 Sm with one embodiment of the present invention. First, the VaR value for any nun*er or collector, of 
SrSfolios 130 is determined. Atrader. risk manager, or officer selects 300 a trading portfolio 130 ta r andysi* 
ra^SrTportfolio 130 may contain other trading portfolios 130. including the overall posrhon of an instrtuton. the 
ItRiCawSon of financial instruments 135 may bedeterrrdned. PreteraWy. to W » a M 
is dc »neJemfht^ 

1 30 for the entire financial institution be determined. 

SeTnancial anahysis applied on 140 reads the selected trading portfolio 130 arxi applies^ ^hr^rmp 
functtons 200 thereto Thesemay include any conventional shredding function to produce a set of cashflows for the 

rn^seach of the cashflows orrto a vertex therein acccrt^ 

vWed bv the map module 200. Any variety of shredding or mapping functions may be employed with the system ofthe 
o^enTirS 

IM^e^rapped cashflows 330 may be characterized as a column vector, in which each vector component . a cash- 
flow' For later convenience in notation, the mapped cashflows 330 are also designated p. , 

Ustag the mapped cashflows 330. the VaR measure for the selected trading portfolio 
VAR vector a^edetermined by the DELVAR module 210. Unlike conventional VaR systems, the DELVAR modue210 

mentation of the DELVAR module 210, operating as illustrated in Figure 3, an i«termedete rxoduct W is ^kenMe as 
the vector sum of the transpose p' (304) of the mapped ^^™«^^^»™^£^Z 
tor the selected trading portfolio 1 30 is then determined 308 as the square root of the inner product of W and p. I nis 
vJ^eSrn^^^made once for the trading portfolto 130 in a selected time interval, like abBd.n£ , dayjx <»y 
sWperiod The DELVAR vector is then determined 31 0 as the quotient of the intermediate quantity W, and the VaR 

"TeV!^ 

330 arS the covariance matrix 170 and storing it as an irtermediate step to determining the NfeRmeasue for the trad- 
ing portfolio 130. The following pseudo-code is an example: 
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SUBROUTINE DELVAR (P, Q, NUMJVERTICES) 
i 

FORI = 1 TO NUM.VERTICES { 
W[Q = 0 

FOR J = 1 TO NUM_VERTICES ( 

W[I] = Wtl] + PQ1 *Q\Jfl 
) 

I 

" VAR = SQRT(INNERPROD(W, P, NUM.VERTICES)) 

FOR 1 = 1 TO NUM_VERTICES { 
20 DELVARIU = W[I]/VAR 

\ 
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Hare P is the maooed cashflow 330, Q is the scaled covariance matrix 170, NUM_VERTICES is provided by the 
vertS 1 75 ^^PTOdJI a srandard calculation of the inner product of two vectors of corryjatiWe » s**By 
S vector W° tt is possible to determine DELVAR. It is important to note the DELVAR here was 

determined without any reference to any candidate trade. . . riatormine w As a 

Conventional approaches to VaR. in order to reduce the run time required do u n ^ s ^^ 
resuft^nventionanfeR calculations requires approximately steps (v^ere A/ is sho 

memory while the DELVAR module 220 requires approximately W 2 + A/ steps and memory for the N rej 

irnpact value multiple times with minimal cost in time, as described below. ... - nn 

^e DELVAR module 21 0 as described is one implementation for determming DELVAR. It b based on the following 



analysis of VAR. 

Mathematically, VaR may be defined as follows: 



VaR = JpQp Eq/I 



where: 



Pis a selected trading portfolio 130 of financial instruments 135 as described; 
by the map module 200 on the vertex set 1 75; 

1 .65*), the indices of the matrix also being the vertex set 1 75. 

Assume that a candidate traded from the set of candidate trades 180 is to be made, and H isdesired todetermine 
the iSonme t^wn VaR measure. The shredded and mapped cashflows of the candidate trade may be conad- 
£d7££ «X£L then scaled by the small positive quantity s. As deseed above, agonal approach 
Serminina the impact of this candidate trade A® on the VaR would be to shred and map candriate > trade A 0 in i the 
tS^SZ 1 »* produce a revised map cashflow set r> VaR would conventionally be recalled as. where 



6 



EP0790568A1 



5 



10 



where 

But a Taylor series expansion of VaR around e = 0 produces: 

is w, (e) = w, (0) + e V w, (0) • <z, + o( e 2 ) Eq. 3 



20 



25 



30 



where v refers to the vector derivative operator, and where the vector index is the vertex set 175. ^.^™T£! * 
S VmS£* VaR. In Eq. 4, if e is sufficientiy smail (and positive, since the candidate trade ^sbejng 
native amount to the trading portfolio 130). then the improvement in the VaR measure « governed by fte s^nard 
£££de of the second term of the Eq. 4. The higher order W^) may be ««nabhr ^ « ^ 

I?of course the case that most rational amounts of candidate trades 180 in an instrtuton w,ll be small relate to the 
size of the entire trading portfolio 130. justifying the approximation. 
Direct calculation shows that: 

tv ( (0) v 



35 Thus, the DELVAR vector depends only upon the selected trading porttto 130 and not upon ^ZSStl 
traded from the set of candidate trades 180. even though the candidate trade A 0 v*s uiduded "^"^"J 
approach to the incremental determination. Thus, the same DELVAR vector works for all candidate trades 180. and 
does not itself have to be calculated more than once for the selected trading portfolio 180. 

Riming Sn to Figure 3. the incremental VaR impact value of each candidate trade 180 from the set of canddate 

40 

resort mapped cashflows 335. The mapped cashflows 335 are then optionally normalized by one of the normah- 
?££r£S£o as further described below. Whether or not the candidate trade 180 is normalized, the incremental 
VaTnSuleStekes 312 the inner product of the mapped cashflows 335 and the DELVAR vector to produce the 
m tolSSvn impact value. This determination of the incremental VaR impact value does not require recalculation 
of the VaR measure for the entire trading portfolio 1 30 as in conventional systems. 

The Cental VaR impact value as described is useful for its sign value, ff the incremental VaR impact valu > * 
negieTe^ndWateTade 1 80 improves the VaR. and is thus a risk-reducing trada If the sign is 
candidate trade 180 degrades the VaR by increasing portfolio risk. In this manner thence trader can 
Setomine. for each andeverycandidatetrade 180 whether the trade is oeneffcial to the .rist*rton for nsk reduction pur- 
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""to. determination of the incremental impact on VaR of a candidate trade 180 may be expressed, in light of the 
foregoing, as: 

Lp'Q/vH, 
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The incremental VaR impact value as calculated via the DELVAR vector is an approximation, due to ignoring the 
hiah er order terms. However, because the typical trading portfolio 130 is large relative to the candidate trade 180. the 
incremental VaR impact value measured via the DELVAR vector is sufficiently quite accurate in most cases to provide 
me desired information for risk management 

The execution time of this inner product determination by the incremental VaR module 230 ^ies linear^wrth the 
number of vertices in the vertex set 1 75. The fact that the DELVAR vector is fixed for a selected trading portfolio , 1 80 
makes this linear computation time feasible, and is therefore a feature which provides a fast, incremental VaR calcula- 
tion. This makes the financial analysis application 140 and the system 1 10 suitable for a real-time trading environment, 
even though it is an approximation to the true incremental VaR measure. 

One benefit of the above approach and the determination of DELVAR vector for a trading portfolio 130 rs the rapid 
identification, by the incremental VaR impact value, ofthose candidate trades which reduce or increase the VaR. How- 
ever because only the sign of the incremental VaR impact value resulting from a candidate trade 180 might be ascer- 
tained this approach alone does not provide means for comparing the relative worthiness of each of candidate trades 
Sums is because any single candidate trade 1 80 may be arbitrarily doubled or halved in size, so that «xnpansons 
of magnitude of the incremental VaR impact value for different candidate trades 180 are meaningless. To accomplish 
cortparabilrty in risk, which is a goal of risk management it is first desirable to assure that the; 
sSTsiKh a fashion as to become comparable with respect to a selected criterion. Th« step rs termed herein 
■normalization-. In one embodiment of the present invention, normalization is provided by selected one of the normal- 

'^mo^elSSment of the present invention, there are six normalization modules 220. each providinga distirKtcri- 
teria for comparing the incremental VaR impact value of candidate trades 180: cashflow normalization 220* VaR nor- 
malization 220b. return normalization 220c, price normalization 220d. capital normalization 220e. and notion* 
normalization 220f. Each normalization module 220 produces a normalization factor X, calculated in a manner (detailed 
below) depending upon the candidate trade 180 being normalized. Reference is now made to Figure 3. wherecalcula- 
tion of the normalization factor 340 (notated "NF(i) " in Figure 3) proceeds via one of several alternative methods: 

1 Cashflow normalization 220a. In this module, a mathematical norm for the mapped cashflow 335 is associated 
with each candidate trade 180. If candidate trade a-, consists of a vector of cashflows a, = (a j1 ,a j 2,...,a in ) then tne 
normalization factor X, (340) may be selected as one of : 



SO 



35 



40 
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45 



50 



where Eq 7 normalizes the cashflow vector length. Eq. 8 uses the sum of the trade's absolute cashflows, and Eq. 
9 employs the largest individual cashflow component. All of these may be further extended to an arbitrary positive 
weighting of the cashflows prior to normalization factor calculation, as shown by the weightings above 
2 VaR normalization 220b. In this module, the normalization is performed according to the VaR inherent in the can- 
didate trade 180 itself. In effect each candidate trade 180 is evaluated on the basis of equating the risk, measured 
via overall VaR measure, as if each candidate trade 180 were held in isolation. Accordingly, the normalization factor 
Xi (340) is calculated as 



55 where Q is the covariance matrix 170. 

3 Return normalization 220c. tn this module, the normalization factor X, (340) is selected according to the vahje of 
anticipated future returns accruing to holding the candidate trade 180. In one embodiment, this is determined by 
taking the net present value of all future revenues and payments of the candidate trade 180. as one such measure 
of future returns. 
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4 Price normalization 220d. In this module, the normalization factor x, (340) is set eo^al to Ihe market price of the 
candidate trade 180. This equates each candidate trade 180 according to their current mark-to-market, i.e., the 
value of the candidate trade 180 by present market standards. 

5 Capital rrcrmalizati^^ 

amount of capital which must be allocated to sustain the candidate trade 1 80. For 

tional Settlements (BIS) guidelines provide formulas involving certain capital adequacy underlying certain trade 

Sonal normalization 220f. In this module, a "notional value, " of the candidate trade 180 fei used ***** 
value being an otherwise arbitrary market or other convention on the number of unrts involved .n. the >can*tato 
trade 180. For example, currency swap contracts are typically denominated in amounte^ng $ 1 «j£2E 
Payment, regardless of the swap interest rates involved. Because this normalization factor ^(340) 5 conplete^ 
E^rt serves as a catch-all category of normalization, and may be used with any type of f mancal instrument 
135. 

For any of the normalization modules 220. then, the candidate trade cashflow vector 335 a, is normalized 345 as: 
a t =[a,/X,\ ~» 

The normalization modules 220 thus described may be implemented, in one embodiment using pseudo-code such 



SUBROUTINE NORMALIZE(A) 
{ 

FOR I = 1 TO NUM JCANDID ATES i 

LAMBDA = NORM(A, I, NUM.VERTICES) 
FOR J = 1 TO NUM_VERT1CES DO { 
AflJl = A[I,J] / LAMBDA 

) 



40 



45 



SO 



55 



where the procedure NORM provides one of the six normalization factors 340 described above. 

Accordingly each of the candidate trades 180 is normalized 345 with one of the normalization modules 220 topro- 
ducetoea^Ktete trade a normalized cashflow vector 350. This normalized cashflow 350 is then ,nput ,nto the 
f^rSlVaR module 230, and the increment* VaR irrpact vahue. VaR f , for that candklate trade is determined 

312 '(Se d alTotthe candidate trades 180 have been processed, and an incremental VaR irrpac^uec^n^for 
each, these normalized candidate trades 350 are ranked 314 by their now-comparable incremental VaR '^<*™J 
to produce a ranked set 355 of candidate trades. The trader risk manager, oroff cer can then re^the 
and select the candidate trade that best improves the VaR measure, in other words, the candidate ^ tort 
Educes the value at risk for comparable values of the normalization. Preferably every such person « able to usethe 
itandri analysis application 1 40 for evaluating each candidate trade 180 throughout the trading penod. Th.s is done, 
as shown above without having to recalculate the VaR measure for the trading portfolio 130 each time. 

WnEJ the present Mention provides a system, a method, and a software product that beneficially 'deter- 
mines the change in me VaR measure of a trading portfolio for any potential « ^SSSS 
added to the portfolio. In addition, the present invention allows any vanety of candriate trades to be corrparedta the* 
"pad on the VaR measure, thereby allowing a trader specifically, and a financial institution more generally, to identfy 
Seitttose candklate trades that best reduce the VaR measure, and thereby improve the fmnoal performance 
of the trading portfolio. 
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Claims 

1 A computer readable memory storing thereon a computer program for controlling the execution of a P'ocessw to 
determine whether any candidate trade in a selected trading interval reduces a value at risk measure of trading 
portfolio having a selected financial instruments, the computer program comprising: 

means for determining the value at risk measure for the trading portfolio once with respect to the trading inter- 
val; 

means for determining a derivative vector of the value at nsk measure; ^ , 

means for determining an incremental value at risk measure for a candidate trade from the derivative vector of 
the value at risk measure; and, 

means for determining from the sign of the incremental value at risk measure whether the value at risk meas- 
ure of the trading portfolio is reduced by the candidate trade. 

2. The computer readable memory of claim 1 , wherein the means for determining the derivative vector of the value at 
risk measure for the trading portfolio, further comprises: 

means for converting the financial instruments in the trading portfolio into a first set of cashflows; 
means for mapping the first set of cashflows unto a set of selected tenors; 

means for determining a vector product W of transposed mapped cashflows and a scaled vanancMOvanance 

matrix of risk variances for the financial instruments in the trading portfolio at the selected tenors; 

means tor determining the value at risk measure from the square root of the inner product of W and the van- 

ance-covariance matrix; and, _ 

means for determining the der ivative vector from the quotient of W and the value at risk measure. 

3. The computer readable memory of any of the preceding claims wherein the computer program stored thereon fur- 
ther comprises: 

means for receiving at least one candidate trade of at least one financial instrument; 

means for converting the candidate trade into a second set of cashflows; 

means for mapping the second set of cashflows unto the set of selected tenors; and, 

means for determining an incremental value at risk measure as the product of the derivative vector and the 

mapped second set of cashflows. 

4. The computer readable memory of any of the preceding claims, wherein the computer program stored thereon fur- 
ther comprises: 

means for receiving a plurality of candidate trades, each candidate trade including of at least one financial 
instrument; 

for each candidate trade: 

means for converting the candidate trade into a second set of cashflows; 

means for mapping the second set of cashflows unto the set of selected tenors; 

means for normalizing the mapped second set of cashflows for the candidate trade by a normalization fac- 

tor* 

m^ans for determining an incremental value at risk measure from the derivative vector and the mapped 
second set of cashflows for the candidate trade; and, 

means for ranking each candidate trade by its incremental value at risk measure. 

5. The computer readable memory of any of the preceding claims, wherein the normalization factor used by the nor- 
malization means is one of a group consisting of: 

a) a value at risk normalization factor determined according to the equation: 
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where X, is the value at risk normalization factor, and a, is the second set of cashflows; 

b) a return normalization factor equal to the value of the anticipated future returns of ^ndidate trade; 

c) a capital normalization factor equal to an amount of capital required sustain the candidate trade, 
rfl a Drice normalization factor equal to a market price of the candidate trade; 

e) aSZrization factorial to a predetermined number of units for the candidate trade selected 
according to the type of the candidate trade; 

f) a cashflow normalization factor determined according to the equation: 



where X,rs the cashflow normalization factor, and a, is the second set of cashflows, and {Q} is an arbi- 
trary set of positive weights; 

g) a cashflow normalization factor determined according to the equation: 

where X, is the cashflow normalization factor, a, is the second set of cashflows, and {Q} is an arbitrary 
set of positive weights; and 

h) a cashflow normalization factor determined according to the equation: 

A 1 =la t l=max{QN} 

where x, is the cashflow normalization facta, a, is the second set of cashflows, and {Q} is an arbitrary 
set of positive weights. 

6 A computer readable memory storing thereon a computer program for controlling the execution of a processor to 
deSZe an incremental Inject of a candidate trade on a value at risk measure of a trad.ng portfolio P having 
selected financial instruments, the computer program comprising: 

means for determining the value at risk measure VaR once for the trading portfolio for a selected trading inter- 
means for determining the derivative vector of the value at risk measure VaR once for the trading portfolio for 
the selected trading interval; 

rnearefbrdetwminingasetofcasWlcwsfathe(^idatetrade;arid 

Z ns for determining the incremental impact of the candidate trade on the value at nsk measure VaR from 
the product of the derivative vector and the set of cashflows for the candidate trade. 

7. "me computer readable memory of claim 6. the computer program stored thereon further comprising: 

means for receiving a selected plurality of candidate trades; 
for each candidate trade: 

means for determining a set of cashflows for the candidate trade; 

means for normalizing the set of cashflows by a normalization factor; , _ - ., 

means for determining for the candidate trade an incremental impact value on the value 

VaR from the product of the derivative vector and the normalized set of cashflows of the candidate trade. 

and. 

means for ranking the selected plurality of candidate trades by the incremental impact values, 
a The computer readable memory of any of claims 6-7. coupled to an article of manufacture including: 
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a storage device storing at least one trading portfolio comprised of a plurality of financial instruments, anda 
selected scaled variaree-covariance matrix Q of market risk variances for a plurality of financial 'nstnjmente 
including the selected financial instruments, the market risk variances determined with respect to a set of 
selected tenors; 

a processor coupled to the storage device, and controlled by the computer program stored in the memory to 
determine the value at risk measure VaR once for the trading portfolio for the selected trading interval, and 
comprising: 

means for converting the financial instruments in the selected trading portfolio into a first set of cashflows; 
means for mapping the first set of cashflows unto the set of selected tenors; 

means for determining a vector product W of transposed mapped cashflows and the selected vanance- 

covariance matrix; and, . . ^ 

means for determining the value at risk measure VaR from as square root of the inner product of the 

mapped cashflows and the vector product W. 

9. The computer readable memory of any of claims 6-8, wherein the computer program stored ^eonj^tethe 
processor to determine the derivative vector of the value at risk measure VaR as the quotient of the vector product 
W divided by the value at risk measure VaR. 

1 0. A computer implemented method of determining whether any candidate trade in a selected trading interval reduces 
a value at risk measure of trading portfolio, comprising: 

determining the value at risk measure for the trading portfolio once with respect to the trading interval; 
determining a derivative vector of the value at risk measure; 

determining an incremental value at risk for a candidate trade; and, _ . ^.^^.^ 

determining from the sign of the incremental value at risk whether the candidate trade reduces the value at nsk 

measure of the trading portfolio. 

1 1 . Trie computer implemented method of claim 1 1 . further comprising: 

determining the vector product W of transposed mapped cashflows p' and the selected variance-covariance 
matrix Q according to the equation: 

W=p'Q; 

determining the value at risk measure, VaR, according to the equation: 

\feR = Wp; 

prior to determining the derivative vector, DELVAR. according to the equation: 

DELVAR = W/\feR. 

12. The computer implemented method of any of claims 10-11 , wherein determining the value at risk measure com- 
prises: 

receiving a scaled variance^ovariance matrix of market risk variances for a plurality of financial instnjmente 
including selected financial instruments in the trading portfolio, the market risk variances determined with 
respect to a set of selected tenors; 

converting the financial instruments in the trading portfolio into a first set of cashflows; 
mapping the first set of cashflows unto the set of selected tenors; 

defining a vector product W of transposed mapped cashflows and the selected variance-cwanance matrix; 
and 

determining the value at risk measure from the mapped cashflows and the vector product W. 

13. The computer implemented method of any of claims 10-12, further comprising: 

receiving a plurality of candidate trades, each candidate trade including of at least one financial instrument; 
for each candidate trade: 
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normalizing the candidate trade by a normalization factor; 

determining an incremental value at risk from the derivative vector and the normalized candidate trade; 
and, 

ranking each candidate trade by its incremental value at risk to determine at least one of the candidate trades 
that most reduce the value at risk measure of the trading portfolio. 

The computer implemented method of any of claims 10-13, further comprising for each candidate trade: 

converting the candidate trade into a second set of cashflows; 
mapping the second set of cashflows unto the set of selected tenors; 
noting the mapped second set of cashflow for the candidate trade by the 

fining an incremental value at risk from the derivative vector and' the mapped second set of cashflows 
for the candidate trade. 

The computer implemented method of any of claims 1 0-1 4. wherein the normalization factor is one of a group con- 
sisting of: 

a) a value at risk normalization factor determined according to the equation: 



where X, is the value at risk normalization factor, and a, is the second set of °» Mlow6 i 

b) areturn normalization factor equal to the value of the '^^^^^*^Si! ttd ^ 

c) a capital normalization factor equal to an amount of capital required sustain the candidate .trade. 

d) a price normalization factor equal to a market price of the candidate trade; 

e) a notional normalization factor equal to a predetermined number of units tor the candidate trade selected 
according to Ihe type of the candidate trade; 

f) a cashflow normalization factor determined according to the equation: 



where x, -is the cashflow normalization factor, and a, is the second set of cashflows, and {Q} is an arbi- 
trary set of positive weights; 

g) a cashflow normalization factor determined according to the equation: 

where X, is the cashflow normalization factor, a, is the second set of cashflows, and {QJ is an arbitrary 
set of positive weights; and 

h) a cashflow normalization factor determined according to the equation: 

A,=!a,|sma*{Q|aij|} 

where X, is the cashflow normalization factor, a, is the second set of cashflows, and {Q} is an arbitrary 

set of positive weights. 
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